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الملخص
(EBG) ٖيسرعشض ْزا انثحس ذصًيى ٔذحهيم ًَٕرج تسيظ يكرُض نٓياكم انثهٕساخ راخ انفجٕج فٗ انُطاق انرشدد
 يركٌٕ انٓيكم انًمرشح يٍ سلائك يعذَيح يشتعح سذثد عهٗ شكم حهماخ.ُٗتاسرخذاو طشيمح انفشٔق انًحذٔدج فٗ انُطاق انضي
دائشيح حيس اٌ انغشض يٍ اسرخذاو ْزِ انفجٕاخ ْٕ انحذ يٍ اَرشاس انًٕجاخ انسطحيح انرٗ يرى اسرُراجٓا عٍ طشيك حساب
11 ٗ جيجا ْيشذض إن4.8 ٍ لذ ٔجذ يٍ يُحُياخ االسرجاتاخ اٌ َطاق انفجٕج يًرذ ي.اسرجاتاخ انُمم ٔذٕصيع انًجال انمشية
جيجا ْيشذض عهٗ انٓيكم انًمرشح5.67  ذى ٔضع ْٕائٗ سلائمٗ يعًم عُذ. جيجا ْيشذض6.2 ٕجيجا ْيشذض حيس يرسع نيًرذ تُح
( ذى ذحسيُّ تُسثح10 dB) ٖانًكٌٕ يٍ شالز حهماخ دائشيح يٍ انشلائك انًعذَيح انًشتعح ٔلذ ٔجذ اٌ عشض انُطاق انرشدد
 عالٔج عهٗ رنك ذى ذحسيٍ يرٕسظ ليًح االذجاْيح خالل َطاق. اضافح انٗ انحصٕل عهٗ يذٖ يرعذد يٍ انرشدداخ500%
ٌ( نرمهيم االلرشاEBG)  حهماخ دائشيح نًشتعاخ يعذَيح4 ٍايضا ذى اسرخذاو انرصًيى انًمرشح ي.  ديسثم1.6 ٕانرشدداخ تُح
انًرثادل تيٍ اشُيٍ يٍ ْٕائياخ سلائميح يسرطيهح انثعذ تيُٓى يسأٖ نشتع انطٕل انًٕجٗ عُذ ذشدد انشَيٍ نهٕٓائٗ ٔذى ذمهيم
 لذ ٔجذ اَّ ذى انحصٕل عهٗ انًضيذ يٍ انعضل ٔذمهيم االلرشاٌ انًرثادل تيٍ انٕٓائياٌ كهًا صادخ. ديسثم5 ٕااللرشاٌ تُح
 ٔلذ ٔجذ اٌ انٕٓائياخ انًمرشحح ٔانًُفزِ تاسرخذاو انٓيكم انثهٕسٖ انًمرشح يُاسثح.انحهماخ انذائشيح فٗ انٓيكم انًمرشح
.ّنرطثيماخ انشثكاخ انًحهيّ انالسهكي

Abstract
In this paper, a novel simple compact electromagnetic band gap (EBG) configuration is proposed and analyzed
using 3D finite difference time domain (FDTD) method. The proposed EBG structure consists of metallic square
patches that arranged on ordered circular rings. The bandgap feature of surface wave suppression is demonstrated by
calculating the transmission responses and near field distributions. From the investigated transmission curves, the
surface wave bandgap is found to be 6.2 GHz and extends from 4.8 GHz to11 GHz. By inserting a 5.67 GHz patch
antenna over the proposed 3-rings EBG structure, the -10 dB bandwidth has been enhanced by around 500% and the
multiband ability is investigated. Further, the average value of the directivity over the wide frequency band has been
improved by around 1.6 dB. On top of that, the design of 4-rings EBG structure is used to decrease the mutual
coupling between two coupled rectangular patches with planar separation of quarter the wavelength by 5 dB. Much
isolation between closely-packed antenna elements can be easily achieved by using more EBG circular rings. The
proposed Microstrip antennas that utilize the proposed EBG structure are appropriate for WLAN applications

Index terms
Microstrip patch antenna, EBG structure, mutual coupling, 3D FDTD.
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1.

Introduction

In recent years, compact, broadband,
multiband antennas have attracted much
attention among researchers due to their
small size, low cost and high data rate
features [1-2]. Electromagnetic band gap
structures (EBG) such as dielectric rods,
holes, mushroom like EBG have winning
features of compactness and surface wave
suppression. These features help to improve
the matching and radiation characteristics of
the patch antennas [3-4].
The scope of this paper is to propose and
simulate novel, simple and compact EBG
configuration based on mushroom like EBG
[1]. The proposed EBG structure for surface
wave suppression is composed of metallic
square patches that arranged on ordered
circular rings. 3D FDTD [5] method is
applied to calculate the transmission
responses and investigate the stopband of the
proposed EBG configuration. Based on the
estimated numerical results, the surface wave
bandgap width is found to be 6.2 GHz and
extends f1rom 4.8 GHz up to 11 GHz. By
integrating a 5.67 GHz patch antenna and the
proposed EBG structure with different
configurations, the 10 dB bandwidth has
been improved by around 500%. Moreover
multiband zones at 6 GHz, 7 GHz and 9.8
GHz are obtained. Further, the average value
of directivity over the wide frequency band
has been improved by around 1.6 dB. On top
of that, a significant 5 dB mutual coupling
reduction is verified between two coupled
5.67 GHz patch antennas with planar
separation of 0.25λo by using the proposed 4rings EBG structure.
The paper is organized as follows. The
proposed EBG structure has been added in
section II. Next, the applications of the EBG
into microstrip patch antennas have been
introduced in section III. Finally conclusion
is drawn
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2. EBG Structure and Band-Gap
Characterization
Initially, the utilized FDTD numerical
technique has been validated by analyzing
the EBG structure shown in Fig.1 (a) [6]. In
[6], the EBG structure consists of square
array of metallic identical square patches
each has a short bin with diameter of 0.5
mm. The gap between the patches is 0.25
mm while the period of the cell is 3.5 mm.
In order to investigate and quantify the
bandgap features of the EBG structures, the
method of suspended microstrip line which
is proposed by Fan [7] is applied. In this
method, a construction of microstrip line
placed on a dielectric support layer of
thickness 1 mm is inserted on the EBG
structure as shown in Fig. 2.
Figure 3 (a) shows the calculated
magnitude of S21 as a function of frequency
for the EBG structure shown in Fig.1 (a). It
is evident from the figure that, a distinct
EBG extending from 7.5 GHz up to 8.7 GHz
is created. The obtained results have an
excellent agreement with the results
published by [6].

Fig.1 (a) Top view of the published EBG
structure [6] (b) The proposed EBG
structure: Top view (c) Side view.
Figures 1 (b) and (c) show the FDTD
simulation models for the proposed EBG
structure. The figure shows that the proposed
configuration comprises four main parts: a
ground plane, a dielectric substrate, metallic
square patches, and connecting vias. In
FDTD simulation, EBG patches are
constructed on a 2 mm thick substrate with
relative permittivity of 2.2. Further, the
width of the EBG square patch, the gap
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between the circular arrangement layers, the
spacing angle and the radius of first layer are
called d, a, θ and R, respectively.
Here, FDTD method is used to investigate
the appropriate mesh cell size in order to
simulate the proposed structure accurately.
In these simulations, the initial geometrical
parameters of the proposed 3-layers EBG
structure are chosen to be d = 3.2mm, R =
11mm, θ =450, and a=1mm. Figure (3)
shows the variation of S21 parameter with
different mesh densities. It can be noted from
this figure that, to keep a reasonable
accuracy, this structure should be discretized
with a mesh cell size equals to λ/40 or less.
Next, FDTD numerical method has been
applied to investigate the effect of the
structure geometrical parameters on the
surface bandgap of the EBG configuration
[5]. First, the effect of the square patch size d
on the transmission magnitude is studied
while the other parameters are kept constant
at their initial values. Figure 4(a) shows the
calculated S21 magnitude for different values
of the patch size d. It can be noted from this
figure that, the width of the stop band
(S21below -20 dB) [8-11] increases as the
size of the patch increases. Next, the effect
of the spacing angle θ is studied while the
other parameters are kept constant at their
initial values. Figure 4(b) shows the
calculated magnitude of S21 as a function of
θ. It is evident from the figure that, a distinct
EBG extending from 4.8 GHz to 11 GHz is
created using aligned EBG patches with θ
equals to 30o or 45o. The effect of increasing
the EBG layers on the surface wave bandgap
of the EBG configuration is also
investigated.
2 mm

3 mm

T.L
EBG Patch

Band Gap

(a)

Magnitude of S21
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λ/10

λ/20

λ/30

via
PEC

Fig.2. Side view of the modeling using suspended
microstrip transmission line method

λ/50

Mesh step size

(b)

Fig.3. (a) Calculate S21 EBG of [6], b)
Magnitude of S21 versus mesh step size

Figure 4(c) shows the calculated magnitude
of S21 for different EBG layers. It can be
found form the figure that, the EBG is
created and its bandwidth increases with the
increase of the number of EBG layers.

(a)

εr=2.2

λ/40
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y
x
Field propagation
through the substrate
without EBG

Field suppression by EBG

(b)
(a)

(b)

(c)
(c)

(d)
(d)

Fig.4. (a) The transmission coefficient S21
for different patch sizes 2.8mm ,3mm,
3.2mm, (b) S21 for 3-layers EBG structure
with different rotations angle θ, (c) The
transmission coefficient S21 for EBG
structure with θ of 45o for different number
of layers, (d) The transmission coefficient
S21 of EBG structure with different gap
distance between the circular alignment
layers.

Fig.5. (a) and (b) are snap shots for the 2-D
E-field distribution in the substrate without
and with EBG respectively, (c) and (d) are
snap shots for the 1-D E-field distribution in
the substrate without and with EBG: (c) E
field along x-axis, (d) E field along y-axis.
Finally, the effect of the planar separation
distance between the circular alignment
layers on the transmission magnitude S21 is
also studied shown in Fig.4 (d). It is evident
from this figure that decreasing the spacing
between the circular layers a to 0.5 mm
approximately doubled the bandwidth of the
suppressed waves compared with that of the
suppressed waves at spacing a = 2 mm.
Figures 4 (e) and 4 (f) show the E-field
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distribution along the horizontal plane xy of
the substrate without and with 3-layers EBG
structure at 6 GHz. It is evident from the
figures that, regardless the zone of input, the
field is distributed along the substrate
without EBG but its values vanished along
the substrate with EBG.
Figures 5(c) and 5 (d) show the one
dimension E-field distribution along the xaxis and y-axis of the horizontal plane of the
substrate without and with 3-layers EBG
structure. It is evident from these figures
that, adding EBG patches inside the substrate
results in preventing the fields to propagate
along the substrate at 6 GHz. These field
distributions clearly agree with the behavior
of S21 shown earlier in Fig.4.

46 mm

46 mm

15.5 mm

12 mm
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(a)

3 mm

Patch

εr=2.2
PEC

(b)

Patch
EBG Patches

Patch
3 mm

In the following subsections, the
proposed EBG structure is applied to
improve the matching and radiation
characteristics of a 5.67 GHz rectangular
patch antenna. The FDTD simulation results
reveal that, the (10-dB) bandwidth has been
enhanced by around 500% and the average
value of the directivity over the obtained
wide frequency band has been improved by
around 1.6 dB. Further, the proposed EBG
structure is used to isolate two-coupled
rectangular patch antennas through reducing
the mutual coupling between them by about
5dB at the operating frequency 5.67GHz.

εr=2.2

PEC

EBG patches

(c)

Patch
Probe

2 mm

to

3 mm

3. Applications
Antennas

εr=2.2
via

PEC

(d)

3.1 One-Element Rectangular Patch
Antenna
This section shows the use of the
EBG substrate to improve the radiation
characteristics of a 5.67GHz one element
rectangular patch antenna. The simulations
have been performed using 3D FDTD
method.

Fig.6: (a), (b) Top and side views of the
conventional rectangular patch antenna, (c)
and (d) Side views of the rectangular patch
antenna and the proposed EBG structure
with different alignments.
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Figures 6(a) and 6(b) show the top and side
views of a rectangular patch antenna using
original substrate. The rectangle patch is fed
by coaxial probe has dimensions of 15.5
mm×12 mm, the substrate has permittivity of
2.2 and thickness of 3 mm and the
underneath ground plane has dimensions 46
mm × 46mm. Figure 6(c) shows the side
view for the considered rectangular patch
antenna with EBG patches in the same plane
over a thick 3 mm substrate. Figure 6(d)
shows the side view for the considered
rectangular patch antenna with a substrate
having sandwiched 3-layers of EBG patches.
By applying the FDTD method the
simulation results are shown in figure (7).
Figure 7(a) shows the calculated S11 of the
rectangular patch shown in Figs. 6(b) and
6(c). The figure shows that using EBG with
θ of 30o or 45o results in antenna with
multiband resonances at 6 GHZ, 7 GHZ and
9.8 GHZ compared with single resonance at
5.67GHz by antenna without EBG.
Further, a rectangular patch designed on a
substrate having inside 3-layers of EBG
patches with θ of 45o is numerically
analyzed. Figure 7(b) shows the calculated
S11 of the rectangular patch shown in Fig.
6(b) and 6(d). The figure shows that the 10dB bandwidth of the rectangular patch with
EBG is extended from 5.74 GHz - 7.53 GHz
which is greater than that of antenna without
EBG by about 1.4 GHz. Another important
parameter which is highly considered and
calculated is the directivity of the antenna
[10]. It should be noted from Fig.7(c) that,
the average value of the directivity for the
rectangular patch with EBG is enhanced
along the gained wide frequency band to 8.1
dB compared to 6.5 dB of the rectangular
patch without EBG. Figure 7(d) shows the
calculated efficiency for the rectangular
patch antenna with and without EBG layers.
The figure shows that the average efficiency
for the rectangular patch with EBG is
imroved over the entire frequency band to

about 0.9 compared to 0.25
rectangular patch without EBG.

of

the

(a)

(b)

(c)

(d)

Fig . 7.(a) S11 for the rectangular patch with
normal substarte and substrate with EBG
structures (b) S11 for the rectangular patch
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with normal substarte and substrate with
EBG structures, (c) The directivity vs.
frequency, (d) The efficiency vs. frequency.

3.2. Two Coupled Rectangular Patch
Antennas
Surface waves play a dominant role in
increasing the mutual coupling between two
microstrip antennas that are placed from one
another by quarter the wavelength and hence
degrading their performance [12-14]. It has
been proved that the E-plane coupled
microstrip antennas exhibit much stronger
mutual coupling than the H-plane coupled
ones [9-11]. To reduce the mutual coupling
and overcome performance degradation, the
proposed EBG structure has been used.
Figures 8(a) and 8(b) show the top and side
views of E -plane coupled antennas with
planar separation of 0.25 λo. It should be
noticed from the figure that, the proposed
EBG has been inserted inside the substrate
with permittivity of 2.2 and thickness of 3
mm. The calculated mutual coupling S21
curves between the two rectangular patches
with and without the proposed EBG patches
are shown in Fig. 8(c). It can be noticed from
that figure that, the mutual coupling S21 at
5.67 GHz equals to -15 dB between patches
with homogenous dielectric substrate and
decreases to -17 dB, -18.4dB and -20 dB
after adding 2-layers EBG, 3-layers and 4layers EBG inside the dielectric substrate,
respectively. Much isolation between the two
closely-packed antenna elements can be
easily achieved by using more EBG circular
layers. These results show that the proposed
EBG structure represents a significant tool
for isolating antenna elements with planar
separation of 0.25λo.

4. Conclusion
It has been shown that a new simple
compact electromagnetic band gap (EBG)
configuration is presented in this paper. The
suggested EBG consists of metallic square

patches that arranged on ordered circular
rings and is numerically simulated using 3DFDTD method. The transmission responses
and the near field distributions have been
used to investigate the bandgap features of
the proposed EBG structure. From the
calculated transmission curves, the width of
the surface wave bandgap is found to be 6.2
GHz and extends from 4.8 GHz to11GHz.
The proposed EBG structure is applied to
improve the matching and radiation
characteristics of a 5.67 GHz rectangular
patch antenna.

(b)

Fig .8: Two coplanar patches: (a) Top view,
(b) side view, (c) Mutual coupling between
two patches without EBG with different
number of layers
The FDTD simulation results reveal that,
the 10-dB bandwidth has been enhanced by
around 500% and the average value of the
directivity over the gained wide frequency
band has been improved by around 1.6 dB.
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Further, the proposed 4-layers EBG structure
is effectively used to isolate two-coupled
rectangular antennas through reducing the
mutual coupling between them by about
5dB. Excessive isolation between the two
closely-packed antenna elements can be
easily achieved by using more EBG circular
layers.
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